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(54) LIQUID CRYSTAL DISPLAY PANEL 

C57)Abstract: 



PURPOSE: To make the transmissivity of light high, to improve 
apparent numerical aperture and to realize brighter screen display 
by providing an optical path changing means for increasing a 
projected light quantity to an aperture part by changing the optical 
path direction of the light made incident on a non-transmissive area 

CONSTITUTION: A liquid crystal cell part 3 is provided between a 
TFT substrate 1 and a counter electrode substrate 2. A black 
matrix part 4 is provided in the liquid crystal cell part 3. A concave 
lens 5 functioning as the optical path changing means is provided 
above the black matrix part 4. The lens 5 is formed in a line state 
along the black matrix part 4. The light made incident on the 
aperture part between the black matrix parts 4 is projected as it is 
through the counter electrode substrate 2, the liquid crystal cell 
part 3 and the TFT substrate 1. The optical path of the light made 
incident on the lens 5 is changed by the lens 5, and a part of the 
light does not reach the black matrix part 4 but is projected to the 
aperture part between the black matrix parts 4. Therefore, the light 
quantity projected to the aperture part is increased. 




* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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Z.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 



[Claim 1]A liquid crystal display panel, wherein an optical path changing means for changing an optical oath direrti™ 
of light which enters into said non-transmission region in a liquid crystal display pane! which has a non^ran^S 

sa? g cannot penetrate easily re,ativeiy ' and ~ g the :p™ 

[Claim 2]The liquid crystal display panel according to claim 1 in which said optical path changing means is amviHoH 
in a field which laps with a non-transmission region by the side of light incidence ofsaid non^ransmis ion re Jon 
[C aim 3]The liqu.d crystal display panel according to claim 1 in which said optical path Z^TZ! is " 
established on a substrate by the side of light incidence. cnanging means is 



[Claim 4]The lipoid crystal display panel according to data 1 in which said optica, path changing means i. formed in 
EZ^^Si^ergLt'^l paragraph o f claims 1-4 in which aaid op*ce, path chan.ng 

FcZ » « < * ° f * h " w in wh,oh " id ° ptioal ooth 

5KW iSfSa* diaplay panel *yen ,„ any , parag^ph of c,ain,a ,-8 which aaid optica, path ch.n^ng means 
£.s said non-tranTmWon region aa a mack, and ara formed by back axpoaura. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Bk^^r^7Z^^^ re,ona which light cannot par^te 
easily relatively, such as especially a black matrix. 

[Spoon of ». Prior Artlln a TFT 

penetmta light Ilka , black matrix part or a b "H.nei>=rt ea* ™ p ™ de ^NlZi. By such 

Sent - ' « — — 

panel decreased, and there waa a problem that a display »f^' 0 ^'* ^ „,„ djsplay , brlghter screen 

appearance. 

Ks for Solving the Problem]* lipoid c^sta, ^^^^J^ZSSX^S^ 
SaTon^^ 

region, and incraasin, the amount of outgoing rato ^fg*^ t „ beprovided in . fie |d which laps with 
[OOOSAs for an optical p.* °%"*™™™l^Z7l ™lTsZ,™ region. An optioal path changing 

slbtT r^ubatrat. by the side of light incidence, or by *. side of light 

KSe^" 

changed, it is not limited, but ,h oprical refract.on means mak.e I 8"™ h( ,„ ^ 

change for example, and a light reflect™ means ^rj^™^ ^ limto) in «. invention, ah 

3^brkCoaCmS b 8 y using a nonrtransmlssion region as a 

mask, for example. 

[Son and.Eff.C of the ,nyenoon],n the lipoid ^^-^rSS^ 



intercepted by the non-transmission regfon will be emitted to an opening, and can make the amount of outgoing 
radiation to an opening increase. Also when a liquid crystal display pane! is squarely faced by providing an optical 
path changing means in the field which laps with the non-transmission region by the side of the light incidence of a 
non^transmission region, sensibility that it flickers is lost. 

[0009]In this invention, an optical path changing means may be smaller in area than in a non-transmission region. 
Since the optical path of the light which enters into a non-transmission region can be changed and the amount of 
outgoing radiation to an opening can be increased if this invention is followed, the numerical aperture on appearance 
can be raised and a brighter screen display becomes possible. 
[0010] 

[Example] Drawing 1 is a sectional view showing one example according to this invention. With reference to drawing 
I, the liquid crystal cell part 3 is formed between TFT substrate 1 and the counter electrode board 2. The black 
matrix part 4 is formed in the liquid crystal cell part 3. In this example, the concave lens 5 as an optical path 
changing means is formed above such a black matrix part 4. This concave lens 5 is formed in line form along with 
the biack matrix part 4. The concave lens 5 is formed from the same material or high refraction material as a 
substrate. 

For example, it is formed from materials, such as SiO£ which doped P, K, or Ti, TiO^ or SiC^/TiC^. 

[001 1]As shown in drawing 1 , the light which entered into the opening between the black matrix parts 4 is emitted 
through the counter electrode board 2, the liquid crystal cell part 3, and TFT substrate 1 as it is. The optica! path is 
changed with the concave lens 5, and a part of the lights do not result in the black matrix part 4, but the light which 
entered into the concave lens 5 is emitted to the opening between the black matrix parts 4, as shown in drawing 1 . 
Therefore, the light volume emitted to an opening increases. 

[0012] Drawing 10 is a sectional view for describing the example shown in drawing 1 still in detail. If the width of 1 
mm and the black matrix part 4 shall be 20 micrometers and the refractive index of 100 micrometers and the 
concave lens 5 is set to 1.5 [ almost equal to the glass substrate 2 ] for picture element pitch b, thickness d of the 
counter electrode board 2 which consists of glass substrates with reference to drawing 10 . As for the width W of 
the concave lens 5, it is preferred to make it mostly in agreement with the width of the black matrix part 4, and its 
about 15-30 micrometers are preferred in this case. 

[0013]If the focal distance of the concave lens 5 is set to A, as the optical path A shows drawing 10 , light will be 
refracted, and an optical path will be changed in the range of If [ shorten a focal distance and ] B, as the optical 

path B shows to drawing 10 , an optical path will be changed by larger range Cy 

[0014]On the conditions of the above-mentioned size shape, the range of a focal distance of -250 — 125micrometer 
is preferred. If a focal distance is set to -250micrometer, the curvature radius of the concave lens 5 will be set to 
about 80 micrometers. If a focal distance is set to -125micrometer, the curvature radius of the concave lens 5 will 
be set to about 41 micrometers. 

[0015]The light volume emitted from the opening at the time of setting a focal distance to -125micrometer on 
condition of the above-mentioned size shape increased 28% as compared with the case where the concave lens 5 is 
not formed. In the above-mentioned example, although construction material of the concave lens is used as glass 
(refractive index 1.5), when a refractive index forms the concave lens 5 from the material of 1.8, for example, the 
curvature radius of a concave lens can be enlarged with 110 micrometers by focal distance~250micrometer. As a 
material of the refractive index 1.8, a Ti content is mentioned for Si0 2 , TiO£ glass, etc. of 30 atom %, for example. 

[001 6] Dra wing 2 is a sectional view showing other examples according to this invention. In this example, the light 
reflection member 6 of the trianglepole shape as an optical path changing means is formed on the counter electrode 
board 2. This light reflection member 6 can be formed from SiO^ the same glass material as the counter electrode 

board 2, or the material that has a high refractive index which is used for the concave lens 5 of the example shown 
in drawing 1 . Reflection films, such as a metal membrane, may be made to form in the surface. This light reflection 
member 6 is also formed in line form along with the black matrix part 4. 

[0017]As shown in drawing 2, an optical path is changed here and the light which struck upon the inclined plane of 
the light reflection member 6 is emitted to tine opening between the black matrix parts 4, without resulting in the 
black matrix part 4. Therefore, the light volume emitted to an opening can be made to increase. 
[001 8] Drawing 1 1 is an expanded sectional view for describing the example shown in drawing 2 still in detail. When 
the width a of 0.3 mm and the black matrix part 4 is 20 micrometers and picture element pitch b is 100 micrometers 
thickness d of the counter electrode board 2 with reference to drawing 1 1 . a 20-micrometer thing is formed from 
the same glass material as the substrate 2 as 60 micrometers and the width W, for example as height [ of the light 
reflection member 6 ] h. The rate of increase of the light volume in this case will be about 10%. 
[0019]Furthermore drawing 3 f ollows this invention, it is a sectional view showing other examples. In this example, 
the concave lens 7 as an optical path changing means is formed in the counter electrode board 2. In this example, 
the thing of the same size shape as the example of the concave lens shown, for example in drawing 1 and drawing 
10 can be formed. When the refractive index of a substrate is set to 1 .5, the refractive index of the concave lens 7 
is set to 1.8 and the curvature radius of the concave lens 7 is about 50 micrometers, the focal distance is set to 
about 250 micrometers. 

[0020] Furthermore drawing 4 f ollows this invention, it is a sectional view showing other examples. At this example, it 
is formed in the counter electrode board 2 with the gestalt with which the light reflection member 8 was embedded. 



As shown in drawing 3 and drawing 4. the optical path changing means may be formed in the substrate by the side 
of light incidence at this invention. 

[002l] Drawing 12 is an expanded sectional view for describing the example shown in drawing 4 still in detail. With 
reference to drawing 12 , as size shape of the light reflection member 8 embedded in the counter electrode board 2, 
height h shall be 60 micrometers and the width W shall be 12 micrometers. Thickness d of the substrate 2 shall be 
0.3 mm, the width a of the black matrix part 4 shall be 20 micrometers, and picture element pitch b shall be 100 
micrometers. The light reflection member 8 is formed from MgF 2 (refractive index 1.382), and let construction 
material of the substrate 2 be glass (refractive index 1.5). On this condition, reflection on the wall surface of the 
light reflection member 8 can be made into total internal reflection. On condition of above, the rate of increase of 
the light volume emitted to an opening will be about 13.4%. 

[0022]The light reflection member 8 embedded in the counter electrode board 2 as shown in drawing 12 , The 
concave lens 8 is first formed on the glass substrate which has the surface as shown in drawing 1 2 by a dotted line, 
and by applying Si0 2 after that, the concave lens 8 can be embedded and it can form as an embedded structure as 

shown in drawing 1 2 . 

[0023] Reflection on the wall surface of the light reflection member 8 can be similarly made into total internal 
reflection by making into Ti0 2 material applied in order to form the light reflection member 8 from Si0 2 and to 

embed this. 

r0024l Drawing 5 is a sectional view showing the example of the process of forming the concave lens formed in the 
inside of the substrate shown in drawing 3. As shown in drawing 5 , the resist films 10 and 1 1 are formed on the 
counter electrode board 2. This resist film 10 is formed so that central thickness may become thick and the 
thickness of a peripheral part may become thin. From on such a resist film 10, ion, such as Ti and Sb, is poured in 
and the concave lens 7 is formed in the substrate 2 by forming the field where a refractive index is high in the 
substrate 2. 

["0025] Drawing 9 is a sectional view showing other examples of the process of forming the concave lens formed in 
the inside of the substrate shown in drawing 3 . With reference to drawing 9 (a), the Si0 2 layer 40 is formed on the 
counter electrode board 2 which consists of glass etc., and the resist film 41 is formed on this Si0 2 layer 40. Next, 
resist films other than the upper part of the portion which forms a concave lens with the photolithographic method 
are removed, and as shown in drawing 9 (b), it leaves the resist film 41a. Next, the Si0 2 layer 40 is etched by 
isotropic etching. By the side-edges effect, the convex Si0 2 film 40a as shown in drawing 9 ( c) is left behind on the 
counter electrode board 2. Next, by carrying out an ion implantation the same with having explained with reference 
to drawing 5 , as shown in drawing 9 (d), the concave lens 7 is formed in the substrate 2. Although the convex Si0 2 
film 40a is formed by the side-edges effect in this example, After etching the Si0 2 layer 40 by doping P beforehand 
in the Si0 2 layer 40, the ion implantation of the convex Si0 2 film 40a may be formed and carried out by carrying out 
a reflow (annealing) to about 900 **. 

[0026] Drawing 6 is a sectional view showing the example of the manufacturing process which forms the concave 
lens as an optical path changing means as shown in drawing 1 on a substrate. With reference to drawing 6 (a), the 
high refraction material layer 20 which consists of high refraction materials is formed on the counter electrode 
board 2. The resist film 21 is formed on this high refraction materia! layer 20, and the resist film of the portion which 
forms a concave lens is removed with the photolithographic method. Thus, after patternizing the resist film 21, the 
portion which the high refraction material layer 20 has exposed is etched, and as shown in drawing 6 (a), the 
concave surface 20a is formed. 

[0027]Next, with reference to drawing 6 (b), a resist film is removed and the high refraction material layer 20 with 
the concave surface 20a is formed. To the high refraction material layer 20, since the concave surface 20a is 
formed above the black matrix part 4, it is usable as an optical path changing means also with the state which shows 
in drawing 6 (b). 

[0028]With reference to drawing 6 (c), by this example, the high refraction material layer 20 of the portion except 
the concave surface 20a being formed is further removed with the photolithographic method, and the concave lens 5 
is formed. Here, in order to prevent side etching, anisotropic etching was adopted and portions other than concave 
lens 5 are removed. 

[0029] Drawing 7 is a sectional view showing an example of the manufacturing process which forms a light reflection 
member as shown in drawing 2 . With reference to drawing 7 (a), the high refraction material layer 20 is formed on 
the counter electrode board 2 like the manufacturing process shown in drawing 6 . the thickness of this high 
refraction material layer 20 is formed so that it may become that thickness by a minute half [ about ], for example 
from several times of the width t of the black matrix part 4. The resist film 21 is formed on the high refraction 
material layer 20. Next, the resist film 21 is exposed by back exposure by using the black matrix part 4 as a mask. . 
Thereby, as shown in drawing 7 (b), only the upper portion of the black matrix part 4 remains as the resist film 21. 
The resist film 21 may be patterned with other masks, without using the back exposing method. 
[0030]Next, as shown in drawing 7 (c), the resist film 21 is etched for the high refraction material layer 20 as a 
mask. Under the present circumstances, over etching of the neighborhood of the resist film 21 is carried out by 
adopting isotropic etching. For this reason, it is formed in shape with the inclined plane of trianglepole shape as 
shown in drawing 7 (c). The light reflection member 6 is formed of this. 

[0031]Furthermore drawing 8 follows this invention, it is a sectional view showing an example of the manufacturing 



process of other examples. With reference to drawing 8 (a), a resist film is formed on the counter electrode board 2, 
the upper portion of the black matrix part 4 is removed, and the resist film 31 is formed so that it may remain only 
above an opening. 

[0032]Next, the resist film 31 is used as a mask and etched, and as shown in drawing 8 ( b). a section forms the slot 
2a which is triangular shape above the black matrix part 4 of the counter electrode board 2. This slot 2a is formed in 
line form which meets the black matrix part 4. An optical path changing means is formed this slot 2a or by 
embedding the material 32 which has a low refractive index in this slot 2a. 

[0033] Drawing 13 is a sectional view for describing the example shown in drawing 8 (b) still in detail. With reference 
to drawing 13 , a section sets width W of the triangular shape 2a, i.e., a V character-like slot, to 20 micrometers, 
makes the angie-of-gradient theta 1 45 degrees, and is setting tooth depth h to 10 micrometers. The width a of the 

black matrix part 4 shall be 20 micrometers, and picture element pitch b is 100 micrometers. As for thickness d of 
the counter electrode board 2, when it changes into the state where other materials are not embedded in the slot 
2a, but air (refractive index 1.0) exists in such size shape and the counter electrode board 2 is formed from glass 
(refractive index 1.5), it is preferred that it is 570 micrometers or less. This is because an optical path will be 
covered by the next black matrix part 4 if theta 2 will be 28 degrees and thickness d of the substrate 2 becomes the 
thickness beyond this. 

[0034]As mentioned above, the materia! which has a low refractive index may also be embedded in the slot 2a. As 
such a material, MgF 2 (refractive index 1.382), LiF (refractive index 1.35), etc. are mentioned. When the slot 2a is 

embedded by MgF 2 , theta 2 will be 38.8 degrees and it becomes possible to thicken thickness d of the glass 

substrate 2 to a thickness of 736 micrometers. 

[0035] Drawing 14 is a top view showing the picture element part of the liquid crystal display panel of this invention. 
In drawing 14 , one of the pixels is expanded and shown and the picture element electrode 60 is formed in the 
viewing area of a pixel. On the substrate, the gate bus line 56 and the drain bus line 59 which intersects 
perpendicularly with this are arranged at matrix form. TFT61 for driving this is formed near each pixel. 
It is electrically connected with the drain bus line 59 with the drain electrode 62. 
It is electrically connected with the picture element electrode 60 with the source electrode 63. 
[0036j Drawing 1 5 and drawing 1 6 are sectional views which meet the X-X'line and Y-Y'line which are shown in 
drawing 14 . With reference to drawing 15 , the liquid crystal 55 is held between the substrate 51 and the substrate 
52, and the black matrix part 53 is formed inside the substrate 52 as a counter electrode board. The V character- 
like slot 52a as an optical path changing means in this invention is formed in the outer surface of the upper 
substrate 52 of this black matrix part 53 as a slot on the stripe shape along with the black matrix part 53. Inside the 
substrate 52, the counterelectrode 54 is formed so that the substrate 52 and the black matrix part 53 may be 
covered. 

[0037]On the substrate 51, the gate dielectric film 55, the gate bus line 56, and the interiayer insulation film 57 are 
laminated one by one. Although it is a section of the direction which intersects perpendicularly with the section 
which shows drawing 1 5 drawing 1 6 w ith reference to drawing 1 6 , the black matrix part 53 is formed also in this 
section. And the V character-like slot 52a is similarly formed above this black matrix part 53 along with the black 
matrix part 53 at stripe shape on the surface of the substrate 52. Therefore, the V character-like slot 52a is formed 
in the direction which intersects perpendicularly mutually on the glass substrate 52, and, as a result, many slots are 
formed in the shape of a lattice on the substrate 52. 

[0038]On the substrate 51, the active layer which consists of polysilicon etc. which have the drain area 58a, the 
channel regions 58b, and the source region 58c is formed, The gate dielectric film 55 and the gate electrode 56 are 
formed on these, and the interiayer insulation film 57 and the drain bus line 59 are further formed on it. The drain 
bus line 59 and the drain area 58a are electrically connected in the portion of the drain electrode 62, 
[0039]In the TFT active-matrix type liquid crystal display panel constituted as mentioned above, Since the light 
conventionally covered by the black matrix part 53 changes the optical path and is emitted from an opening by 
existence of the slot 52a as an optical path changing means, the amount of emitted light can be made to increase 
conventionally. 

[0040]Although the TFT active-matrix type liquid crystal display panel was made into the example and explained in 
the above-mentioned example, this invention may be applied also to other liquid crystal display panels. It may be 
applied also to non-transmission regions other than a black matrix part. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing one example according to this invention. 
[Drawing 2]T he sectional view showing other examples according to this invention. 
[Drawing 3]T he sectional view showing other examples furthermore it follows this invention. 
[Drawing 4]T he sectional view showing other examples furthermore it follows this invention. 

[Drawing 5jT he sectional view showing an example of a process which manufactures the example shown in drawing 
3. 

[Drawing 6j The sectional view showing an example of a process which manufactures the example shown in drawing 
1. 

[Drawing 7] The sectional view showing an example of a process which manufactures the example shown in drawing 
2. 

[Drawing 8] The sectional view showing other examples furthermore it follows this invention. 

[Drawing 9]T he sectional view showing other examples for the process of manufacturing the example shown in 

drawing 3 . 

[Drawing 1Q] The expanded sectional view for describing the example shown in drawing 1 still in detail. 

[Drawing 1 1 ] The expanded sectional view for describing the example shown in drawing 2 still in detail. 

[Drawing 1 2]T he expanded sectional view for describing the example shown in drawing 4 still in detail. 

[Drawing 1 3jT he expanded sectional view for describing the example shown in drawing 8 (b) still in detail. 

[ Drawing 1 4]T he enlarged plan view showing the picture element part of the liquid crystal display panel according to 

this invention. 

[Drawing 1 5] The sectional view which meets the X-X'line shown in drawing 14 . 
[Drawing 1 6] The sectional view which meets the Y-Y'line shown in drawing 14 . 
[Description of Notations] 



1 — 


TFT substrate 


2 — 


Counter electrode board 


3 — 


Liquid crystal cell part 


4 — 


Black matrix part 


5 — 


Concave lens 


6 — 


Reflecting member 


7 — 


Concave lens 


8 — 


Reflecting member 
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DRAWINGS 



[ Drawing 3] 
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[Drawing 1] 




[Drawing 6] 
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[Drawing 15] 




[Drawing 8] 
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[Drawing 10] 




[Drawing 12] 
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